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ABSTRACT : 

A semiconductor device includes a MOS-type field effect 
transistor (SOI-MOSFET) 

formed on a thin silicon layer (3} on an insulator layer (2) . 
The SOI-MOSFET 

has a gate overlap- type LDD structure in which additional 
source/drain regions 

{7a, 8a) having an impurity concentration of 3xl0<l><7> to 
3xl0<l><8>/cm<3> 

overlapping with a gate electrode (5) are provided in the silicon 
layer (3) . 

According to this structure, when the SOI-MOSFET is on operation, 
only the 

additional source/drain regions {7a, 8a) are depleted, so that it 
is possible 

to obtain satisfactory transistor characteristics'. Additional 
source/drain 

regions (7a, 8a) in this structure are formed by combination of 
vertical ion 

implantation using the gate electrode (5) as a mask and thermal 
diffusion or 

oblique ion implantation using the gate electrode (5) as a mask. 
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@ SOI-Ffeld effect transistor and method of manufacturing the same. 



@ A semiconductor device includes a MOS-type 
field effect transistor (SOI-MOSFET) formed on a 
thin silicon layer (3) on an Insulator layer (2). The 
SOI-MOSFET has a gate overlap-type LDD structure 
in which additional source/drain regions (7a, 8a) hav- 
ing an impurity concentration of 3x10^' to 
3xiO^Vcm3 overlapping with a gate electrode (5) are 
provided In the silicon layer (3). According to this 
JjJ structure, when the SOI-MOSFET is on operation, 
^ only the additional source/drain regions (7a, 8a) are 
O depleted, so that it is possible to obtain satisfactory 
CM 

transistor characteristics. Additional source/drain re- 
gions (7a, 8a) in this structure are formed by com- 
bination of vertical Ion implantation using the gate 

2 electrode (5) as a mask and thermal diffusion or 
oblique ion implantation using Uie gate electrode (5) 

O as a mask. 

Q. 
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BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a sennlconduc- 
tor device including a MOS {Metal Oxide Semicon- 
ductor) field effect transistor {hereinafter referred to 
as "SOI-MOSFET") formed in a semiconductor lay- 
er on an insulator such as an insulator substrate 
and a method of manufacturing the same, and, 
more particularly, to a technique for improving with- 
stand voltage and current driving characteristics 
between source and drain regions. Description of 
the Background Art 

Fig. 1 Is a sectional view of a SOI-MOSFET as 
a first conventional example. Referring to Fig. 1, 
the SOI-MOSFET includes an insulator layer 2 
formed on a silicon substrate 1 and a silicon layer 
3 formed on insulator layer 2. A channel forming 
region 6 having a low concentration of p-type Impu- 
rities {10'^ - 10'^/cm3, for example) is formed in 
silicon layer 3, and an additional source region 7a 
and an additional drain region 8a having a con- 
centration of n-type impurities (10'^ - 10'^ /cm^, for 
example) are formed respectively in contact with 
the left and right sides of channel forming region 6. 
A source region 7b and a drain region 8b having a 
high concentration of n-type Impurities concentra- 
tion (10^^ -lO^Vcm^, for example) are formed re- 
spectively adjacent to additional source region 7a 
and additional drain region 8a. 

A gate insulating film 4 is formed on channel 
forming region 6, and a gate electrode 5 is formed 
on gate insulating film 4. Side walls 13 are provided 
on the sidewalls of gate electrode 5 on additional 
source region 7a and additional drain region 8a. 
Silicon layer 3 and gate electrode 5 are covered 
with an interlayer Insulating film 9. Contact holes 
10a, 10b are provided in interlayer insulating film 9, 
and corresponding conductors, i.e. a source elec- 
trode 11 and a drain electrode 12 in this case, are 
formed In respective contact holes 10a, 10b. 

If positive voltage Is applied to gate electrode 5 
in a SOI-MOSFET constituted as described above, 
n-type carriers (electrons) are induced to the upper 
part of p-type channel forming region 6, and the 
upper part Is inverted to be the same n-type as 
additional source region 7a, additional drain region 
8a, source region 7b, and drain region 8b. Accord- 
ingly, current can flow between source region 7b 
and drain region 8b. In addition, the concentration 
of the n-type carriers induced to upper part of 
channel forming region 6 changes In accordance 
with the gate voltage, so that it is possible to 
control the current flowing in channel forming re- 
gion 6 with the gate voltage. This Is the operation 
principle of the MOSFET. 

The reason why additional source region 7a 



and additional drain region 8a were formed respec- 
tively adjacent to source region 7b and drain region 
8b in the first conventional thin film SOI-MOSFET 
having the above-described structure is as de- 

5 scribed In the following. 

In a case where it Is a thin film SOI-MOSFET 
having silicon layer 3 of approximately 300A - 
1500A, even if additional source region 7a and 
additional drain region 8a are not formed, the whole 

10 of channel forming region 6 is easily made to be a 
depletion layer by applying voltage to gate elec- 
trode 5, and the potential of the channel forming 
region is also controlled by the gate electrode, so 
that so-called punch through or short channel effect 

15 is reduced. Here, "punch through" is a phenom- 
enon that a depletion layer extending from drain 
region 8b into channel forming region 6 reaches to 
source region 7b, the electric barrier between 
source region 7b and channel 6 is lowered, and the 

20 channel current is suddenly Increased by it. "Short 
channel effect" is a phenomenon that when the 
gate length is short, the gate threshold voltage 
becomes extremely low. 

However, if the whole of channel forming re- 

25 gion 6 is completely depleted, the potential in 
channel forming region 6 becomes higher than that 
In the case of a conventional bulk MOSFET. Ac- 
cordingly, the electric barrier between source re- 
gion 7b and channel forming region 6 is lowered, 

30 and holes generated by so-called impact ionization, 
a phenomenon that highly accelerated electrons 
collide with a lattice in the vicinity of drain region 
8b and cause electrons and holes to be generated, 
come to be temporarily stored in channel forming 

35 region 6. As a result, the potential in channel for- 
ming region 6 is further raised, and electrons are 
suddenly Injected from source region 7b into chan- 
nel forming region 6. Specifically, in a case where 
additional source region 7a and additional drain 

40 region 8a are not formed In a Uiin film SOI-MOS- 
FET expected as a short channel MOSFET, the 
withstand voltage between the source and the drain 
tends to be lowered. Fig. 4A shows the drain 
current - drain voltage characteristics of the thin 

45 film SOI-MOSFET in this case. 

In order to prevent such lowering of the with- 
stand voltage between the source and the drain, a 
so-called LDD (Lightly Doped Drain) structure is 
constituted by providing a low second conductivity- 

60 type additional drain region 8a between drain re- 
gion 8b and channel forming region 6 in a normal 
thin film SOI-MOSFET such as the first conven- 
tional example described above to reduce the elec- 
tric field in the vicinity of drain region 8b and 

55 prevent storage of holes caused by impact ioniza- 
tion so that the withstand voltage between the 
source and the drain is enhanced. Now, a method 
of manufacturing the above-described first conven- 
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tional thin film SOI-MOSFET will be described with 
reference to Figs. 2A - 2E. 

First, referring to Fig. 2A, a silicon layer 3 Is 
formed on a silicon substrate 1 with an insulator 
layer 2 interposed therebetween. Specific manufac- 
turing methods in this case normally include 
SIMOX (Separation by Implanted Oxygen) in which 
oxygen ions are implanted in silicon substrate 1 
and a silicon oxide film is formed directly in silicon 
substrate 1. 

Next, silicon layer 3 is patterned into a shape 
of an island, and p-type impurities such as boron 
are introduced by an ion implantation process or 
the like to make the concentration 10^^ - lO^^/cm^, 
for example, to form a channel forming region 6 
{Fig. 2B). 

A gate insulating film 4 is formed on silicon 
layer 3 by a thermal oxidation process or the like, 
and a gate electrode material such as polycrystal- 
line silicon is deposited by a CVD method. A resist 
14 is patterned on the polycrystalline silicon by a 
photolithography process, and the polycrystalline 
silicon is etched using the resist 14 to form a gate 
electrode 5. 

Next, n-type impurities such as phosphorus are 
introduced into silicon layer 3 using gate electrode 
5 and resist 14 as a mask to make the concentra- 
tion 10" -lO^^/cm^ to form an additional source 
region 7a and an additional drain region 8a {Fig. 
2C). 

Next, a silicon oxide film 13a is deposited by a 
CVD method {Rg. 2D), anisotropic etching is car- 
ried out on silicon oxide film 13a by a reactive ion 
etching process to form a sidewall spacer 13 on 
the sidewalls of gate electrode 5. Next, n-type 
impurities such as phosphorus or arsenic are ion- 
implanted in silicon layer 3 using gate electrode 5 
and sidewall spacer 13 as a mask, and a source 
region 7b and a drain region 8b are formed to have 
a concentration of 10^^ - lO^Vcm^, for example 
(Fig. 2E). 

An interlayer insulating film 9 is formed, then 
contact holes 10a, 10b are formed by a reactive ion 
etching process, for example, and conductive inter- 
connection layers 11,12 including aluminum or the 
like are formed to complete the structure illustrated 
in Fig. 1. 

As described above, the above first conven- 
tional thin film SOI-MOSFET has the concentration 
of additional source region 7a and additional drain 
region 8a lowered to approximately lO^/cm^ in 
order to enhance the withstand voltage between 
the source and the drain by electric field reduction. 
Therefore, the earner concentration is lowered, the 
resistance of additional source region 7a and addi- 
tional drain region 8a is Increased, and a significant 
decline in the current driving capability is caused 
as shown in Fig. 4B. 



Japanese Patent Laylng-Open No. 60-133756 
(1985) discloses a thin film SOI-MOSFET having a 
so-called gate overlap type LDD structure 
(hereinafter referred to as "a second conventional 

5 example"), for example, for improving the problems 
in the first conventional example. 

A thin film SOI-MOSFET of the second conven- 
tional example has low concentration impurity re- 
gions, which are additional source/drain regions, 

10 overlapped with the region of a gate electrode. This 
causes the gate voltage to be directly applied to 
the additional source/drain regions, so that it is 
possible to raise the carrier concentration of the 
additional source/drain regions at the same time 

15 that the conductivity type of the channel forming 
region Is Inverted when the MOSFET is on opera- 
tion. Accordingly, It Is possible to prevent deteriora- 
tion of the current driving characteristics caused by 
increase of the resistance value of the additional 

20 source/drain regions having a low concentration. 

Now, a method of manufacturing the thin film 
SOI-MOSFET of the second conventional example 
will be described with reference to Figs. 3A to 3E. 
First, referring to Fig. 3A, an insulator layer 22 

25 is formed on an Insulating substrate 21 , and then a 
semiconductor layer 23 is formed. 

Next, referring to Fig. 3B, semiconductor layer 
23 is patterned, and then a gate insulating layer 24 
is formed. Then, referring to Fig. 3C, a gate elec- 

30 trode 25 having the resistance reduced by thermal 
diffusion of impurities or the like is formed, and 
then a resist layer 26 is etched so that it has the 
same width as the channel v/idth and has a length 
shorter than the channel length by several percent 

35 as illustrated In Fig. 3C to form a mask for ion 
implantation as illustrated In Fig. 3C. 

Next, referring to Fig. 3D, ion implantation is 
carried out by irradiating impurity ions 27 using 
resist layer 26 as a mask, and then heat treatment 

40 is carried out to activate the Impurities. 

Then, referring to Fig. 3E, resist layer 26 is 
removed, and an interlayer insulating layer 28 is 
formed. Contact holes are formed, and then elec- 
trodes 29 are formed. The concentration of an 

45 additional source/drain region 30 formed by ion 
implantation is lower than that of the region of a 
source/drain region 31 adjacent to it. This is be- 
cause implantation of impurity ions into additional 
source/drain region 30 is carried out through gate 

50 electrode 25, so that the amount of the implanted 
ions is reduced In accordance with effects of the 
thickness of gate electrode 25. 

However, according to the manufacturing meth- 
od as described in the above second conventional 

55 example, ion implantation for forming additional 
source/drain region 30 Is carried out through gate 
electrode 25, so that a step of forming resist layer 
26 is required, and the process becomes com- 
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plicated. In addition, the concentration of additional 
source/drain region 30 is controlled by the thick- 
ness of gate electrode 25, so that It is liable to be 
affected by diversification of the thickness or the 
material of gate electrode 25. In the case of a thin 
film SOI-MOSFET of a LDD structure having an 
additional source/drain region overlapping with gate 
electrode 25, it is necessary to set the concentra- 
tion of the additional source/drain region to a value 
in a cerlain limited range with high precision in 
order to obtain satisfactory transistor characteris- 
tics. However, there was no disclosure of a con- 
centration setting in the above second conventional 
OKample, and fine control of the concentration of 
the additional source/drain region was difficult. 

SUMMARY OF THE INVENTION 

One object of the present invention is to pro- 
vide a semiconductor device including a gate 
overlap-type thin film SOI-MOSFET having an opti- 
mum concentration of an additional source/drain 
region for having satisfactory transistor characteris- 
tics and a method of manufacturing the same. 

In order to solve the above described prob- 
lems, a semiconductor device according to the 
present invention includes a semiconductor layer 
having a thickness of 300A to 1500A formed on an 
Insulator layer and a gate electrode formed on the 
semiconductor layer with a gate insulating film in- 
terposed therebetween. A pair of additional 
source/drain regions of a first conductivity type is 
formed from immediately beneath both of right and 
left side ends of the gate electrode inward in the 
semiconductor layer in the region immediately be- 
neath the gate electrode, and a channel forming 
region of a second conductivity type is formed in 
the semiconductor layer in a region between the 
pair of additional source/drain regions. Further, a 
pair of source/dran regions of the first conductivity 
type is formed adjacent to the end opposite the 
side in contact with the channel forming region of 
the additional source/drain regions in the semicon- 
ductor device. 

The additional source/drain regions in the 
semiconductor device have an impurity concentra- 
tion of 3x1 0^'^ to 3x10^^/cm3, and the source/drain 
region has an impurity concentration higher than 
that of the additional source/drain regions. 

According to the semiconductor device of the 
present invention, gate overlap-type additional 
source/drain regions are included, and the con- 
centration is set to 3x10^7 - 3x10's/cm3, so that it 
has functions as described in the following. 

In a case where the gate electrode is OV, and a 
predetennined positive bias voltage is applied to 
the drain region, substantially only the whole of 
additional source/drain regions is depleted because 



the additional source/drain regions are set to have 
a concentration of 3x10'^/cm^ or less. As a result, 
the electric field strength reduction effect is larger 
as compared to the case where the concentration 

5 of the additional source/drain regions is too high to 
sufficiently deplete the additional source/drain re- 
gions or the case where the concentration is so low 
as to cause depletion to proceed up to the adjacent 
source/drain regions. Further, it also has effects 

10 unique to a gate overlap structure, so that satisfac- 
tory transistor characteristics can be obtained. If 
the concentration of the additional source/drain re- 
gion is set to less than 3x1 0^^, the parasitic resis- 
tance thereof affects the properties of the device. 

15 According to a method of manufacturing a 

semiconductor device of the present invention, first, 
a gate insulating film is formed on a semiconductor 
layer on an insulator layer, and a gate electrode is 
formed on the gate insulating film. Next, impurities 

20 of a first conductivity type are introduced just be- 
neath the vicinity of the ends of the gate electrode 
in the semiconductor layer by implanting the impu- 
rities from a predetermined direction making a pre- 
determined angle of inclination with the surface of 

25 the semiconductor layer using the gate electrode 
as a mask to form additional source/drain regions. 
Subsequently, impurities of the first conductivity 
type are implanted from a direction perpendicular 
to the surface of the semiconductor layer onto the 

30 semiconductor layer using the gate electrode as a 
mask to form source/drain regions. 

According to the above-described manufactur- 
ing method, the additional source/drain regions are 
formed by ion implantation using only the gate 

35 electrode as a mask, so that it Is not necessary to 
separately pattern the mask as in the above sec- 
ond conventional example, and the manufacturing 
process is simplified. 

According to another aspect of the method of 

40 manufacturing a semiconductor device of the 
present invention, tfie step of forming the additional 
source/drain regions is carried out by forming a 
gate electrode on the gate insulating film, then 
introducing impurities of a first conductivity type by 

45 ion implantation using the gate electrode as a 
mask, and then diffusing the impurities beneath the 
gate electrode by predetermined heat treatment. 

According to this manufacturing method, for- 
mation of the additional source/drain regions is 

50 carried out by oblique ion implantation using the 
gate electrode as a mask, so that it is possible to 
set the length of the overlap of the additional 
source/drain regions with the gate electrode or the 
impurity concentration with higher precision as 

55 compared to the case where it is carried out by 
thermal diffusion. 

The foregoing and other objects, features, as- 
pects and advantages of the present invention will 
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become more apparent from the fotiowing detailed 
description of the present invention when taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view illustrating a sectional 
structure of a thin film SOI-MOSFET in a first 
conventional example. 

Figs. 2A, 2B, 2C, 2D and 2E are sectional 
views illustrating In sequence main steps of the 
method of manufacturing the semiconductor device 
in the first conventional example. 

Figs. 3A, 3B, 3C, 3D and 3E are sectional 
views illustrating in sequence a process of manu- 
facturing a semiconductor device in a second con- 
ventional example. 

Fig. 4A is a graph showing the source/drain 
withstand voltage characteristics of a thin film SOI- 
MOSFET not having a LDD structure, and Fig. 4B 
is a graph showing the current characteristics of a 
LDD-type thin film SOI-MOSFET not having a gate 
overlap structure in the first conventional example. 

Figs. 5A, 5B, 5C, 5D and 5E are sectional 
views illustrating in sequence main steps of meth- 
od of manufacturing a semiconductor device ac- 
cording to an embodiment of the present invention. 

Figs. 6A and 68 are sectional views illustrating 
main steps of a method of manufacturing a semi- 
conductor device according to another embodiment 
of the present invention. 

Figs. 7A, 7B and 7C are typical sectional views 
illustrating the state of depletion of it in the non- 
operation state of a gate overlap-type thin film SOI- 
MOSFET. 

Fig. 8 Is a graph showing the relationship be- 
tween the concentration of an additional drain re- 
gion of a thin film SOI-MOSFET and the withstand 
voltage between the source and the drain. 

Fig. 9 is a graph showing distribution of electric 
strength in the vicinity of an additional drain region 
corresponding respectively to Figs. 7A, 7B and 70. 

Figs. 10A and 10B are graphs showing the 
relationship between the concentration of additional 
source/drain regions of a thin film SOI-MOSFET 
and the voltage between the gate and the drain 
causing the additional drain region to be depleted 
completely in the case where the thickness of a 
silicon film is 300A and In the case where it is. 
1000A. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

An embodiment of the present invention will be 
described in the follov/ing with reference to the 
drawings. 

The structure of a semiconductor device in- 



cluding a thin film SOI-MOSFET according to an 
embodiment of the present Invention is substan- 
tially the same as that of the semiconductor device 
of the second conventional example illustrated in 

6 Fig. 3E. Specifically, referring to Fig. 5E, an insula- 
tor layer 2 is formed on a silicon substrate 1 , and a 
silicon layer 3 is formed on insulator layer 2. A 
channel forming region 6 having a low concentra- 
tion of p-type impurities (10^^ - lO^^/cm^, for exam- 

10 pie) is formed in silicon layer 3. n-type additional 
source region 7a and additional drain region 8a are 
formed overlapping with the vicinity of both of right 
and left ends of a gate electrode 5 In silicon layer 3 
which is in contact with both of left and right sides 

15 of channel forming region 6. n-type source region 
7b and drain region 8b having an impurity con- 
centration higher than that of additional source re- 
gion 7a and additional drain region 8a are formed 
In silicon layer 3 adjacent to the ends opposite 

20 channel forming region 6 of additional source re- 
gion 7a and additional drain region 8a. 

The structure of the semiconductor device ac- 
cording to the present invention differs from the 
above-described second conventional example in 

25 that the concentration of additional source region 
7a, additional drain region 8a is set in the optimum 
range In accordance with the thickness of silicon 
layer 3. Specifically, according to this embodiment, 
It is a thin film SOI-MOSFET including silicon layer 

30 3 having a thickness of 300 - 1500A, and the 
concentration of additional source region 7a and 
additional drain region 8a is set In the range of 
3x10'^ -3x10i^/cm3. 

The reason why the concentration of additional 

35 source region 7a and additional drain region 8a is 
set in the above-described range in this embodi- 
ment will be described in the following. 

The relationship between the concentration of 
additional drain region 8a and the withstand voltage 

40 between the source and the drain is considered as 
described in the following with reference to Figs. 
7A to 7C, 8 and 9. When the MOSFET is in the 
non-operation state, i.e. when a positive bias is 
applied to drain region 8b and the gate electrode is 

45 OV, additional drain region 8a is depleted. If the 
concentration of additional drain region 8a is lower 
than a predetermined value of approximately 
10^ ^/cm^, depletion proceeds up to drain region 8b 
as indicated by oblique lines in Fig. 7A, and a peak 

50 of high electric field strength occurs in the vicinity 
of the boundary between additional drain region 8a 
and drain region 8b as indicated by arrow A in Fig. 
9. The reason for this is considered to be that if the 
concentration of additional drain region 8a is too 

55 low, the effects of the region as a drain are les- 
sened, and it Is brought to a state substantially the 
same as the state in which the drain is moved to 
the right side. 
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If the concentration of additional drain region 
8a is of a predetermined value of approxinnately 
10l^ additional drain region 8a is depleted com- 
pletely as indicated by oblique lines in Fig. 7B, and 
the peak of electric field strength is distributed in 
the vicinity of the both ends of additional drain 
region 8a as indicated by arrow B in Fig. 9, and the 
value of it becomes low. 

In addition, In a case where the concentration 
of additional drain region Ba is higher than a pre- 
determined value of approximately lO^'/cm^, de- 
pletion of additional drain region 8a proceeds only 
a little as illustrated by oblique lines in Fig. 7C, and 
therefore the field reduction effect in additional 
drain region 8a is insufficient, and a high peak of 
electric strength occurs in the vicinity of its left end 
as Indicated by arrow C in Fig. 9. 

As seen from above results of consideration, 
the withstand voltage between the source and the 
drain of the SOI-MOSFET according to this em- 
bodiment becomes optimum when the concentra- 
tion of additional drain region 8a is set to approxi- 
mately 10^^ as shown by the graph in Fig. B, and 
the withstand voltage between the source and the 
drain is lowered if the concentration is higher or 
lower than that. The graph in Fig. 8 shows the 
relationship between the concentration of additional 
drain region 8a and the withstand voltage between 
the source and the drain in a case where the length 
of gate electrode 5 is 0.3um, the thickness of 
silicon layer 3 is 300A, and the thickness of gate 
insulating film 4 is 200A. 

Now, the relationship between the thickness of 
silicon layer 3 and the optimum concentration of 
additional drain region 8a, i.e. conditions for deplet- 
ing completely additional drain region 8a will be 
considered. In a case where the thickness of silicon 
layer 3 is 300A, in order to be adapted to a device 
structure in which the length of gate electrode 5 is 
shorter than 0.3um (so-called O-Sntm design rule), 
Additional drain region 8a must have an impurity 
concentration of approximately 3x10^' -SxlO^^/cm^, 
because the supply voltage (the applied voltage to 
drain region 8b) Is normally 1 - 5V, and the thick- 
ness of gate insulating film 4 is tOOA - 200A (See 
Fig. 10A). On the other hand, in a case where the 
thickness of silicon layer 3 is 1000A, the gate 
electrode length becomes approximately 0.5u.m 
(so-called 0.5um design rule), and the supply volt- 
age (the applied voltage to drain region 8b) nor- 
mally becomes 3.3 - 5V. In this case, in order to 
deplete completely additional drain region 8a. it is 
necessary to set the impurity concentration to ap- 
proximately 3x1 0^^ - 5x10'^/cm3 (See Fig. 10B). In 
a case where the thickness of the silicon layer is 
above 300A and below lOOOA, It may be consid- 
ered that it is in the middle condition of the above 
cases. 



It is seen from the above description that the 
concentration of additional source/drain regions 76, 
8d of a thin film SOI-MOSFET including silicon 
layer 3 having a thickness of approximately 300A - 
5 1500A must be set In the range of 3x1 O^'^ - 
axlO^Vcm^. 

Now, an embodiment of a method of manufac- 
turing a semiconductor device including a gate 
overlap-type LDD MOSFET having the above struc- 
10 ture will be described with reference to Figs. 5A to 
5E. 

First, referring to Fig. 5A, a silicon layer 3 as a 
semiconductor device is formed to have a thick- 
ness of 300A - 1500A on a silicon substrate 1 with 

75 an insulator layer 2 interposed therebetween. For- 
mation of insulator layer 2 is carried out by a 
SIMOX process in the same way as in the above 
first conventional example. 

Next, silicon layer 3 is processed into a shape 

20 of an island and p-type impurities such as boron 
are Implanted to make the concentration 10^^ - 
-IQi7/cmg_ for example, using an ion implantation 
process or the like to form a channel forming 
region 6 (Fig. 5B). 

25 Next, a gate insulating film 4 is formed on 

silicon layer 3 to have a thickness of approximately 
200A using a thermal oxidation process or the like, 
and then a layer of a gate electrode material such 
as polycrystalline silicon or the like is formed to 

30 have a thickness of approximately 2000A using a 
CVD method or the like. A resist 14 is patterned on 
the polycrystalline silicon layer using a photolittiog- 
raphy process, and the polycrystalline layer is 
etched using this as a mask to form a gate elec- 

35 trode 5. Next, n-type impurities such as phos- 
phorus ions are ion-implanted using gate electrode 
5 as a mask to form an additional source region 7a 
and an additional drain region 8a having a con- 
centration of 3x10^7 . 3xi0i8/cnn3 (Fig. 5C). At this 

40 time, in a case where phosphorus is used as the 
impurities to be implanted and the thickness of 
silicon layer 3 is approximately 1000A, implantation 
energy of approximately 30KeV and a dosage of 
3x10^^ - 3x10^*/cm2 are employed as ion implanta- 

45 tion conditions for setting them to have the above 
concentration. 

Next, predetermined heat treatment is carried 
out, and thermal diffusion causes additional source 
region 7a, additional drain region 8a to move from 

50 immediately beneath the left and right side ends of 
gate electrode 5 inward (Fig. 5D). A heat treatment 
condition for thermal diffusion in this case is that in 
the case where the thickness of silicon layer 3 is 
approximately 1000A, heat treatment is carried out 

55 in a nitrogen atmosphere at approximately 1000* C 
for about one hour, so that thermal diffusion causes 
additional source region 7a and additional drain 
region Ba to move from immediately beneath tiie 
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left and right side ends of gate electrode 5 inward 
by approximately 1500A. 

Next, n-type impurities such as phosphorus 
ions or arsenic ions are implanted into silicon layer 
3 using gate electrode 5 as a mask to form a 
source region 7b and a drain region 8b having a 
concentration of approximately 10'^ - tO^^/cm^ 
(Fig. 6E). 

Subsequently, an interlayer insulating film (not 
shown) is deposited on the whole surface of silicon 
substrate 1, contact holes (not shown) are formed, 
and an interconnection layer (not shown) of alu- 
minum or the like is formed to complete a thin film 
SOI-MOSFET having the same structure as the 
structure illustrated in Fig. 3E. 

Now, another embodiment of a method of man- 
ufacturing a semiconductor device including a thin 
film SOI-MOSFET of a gate overlap-type LDD 
structure will be described with reference to Figs. 
6 A and 6B. 

According to this embodiment, the steps up to 
the step of forming a silicon layer 3 as a semicon- 
ductor layer in a shape of an Island are the same 
as those of the above embodiment illustrated in 
Figs. 5A and 5B. This embodiment differs from the 
above embodiment in that formation of additional 
source region 7a and additional drain region 8a is 
carried out by irradiating ions, phosphorus ions, for 
example, from a direction making a predetermined 
angle of inclination with the surface of silicon layer 
3, i.e. by using a so-called oblique ion implantation 
process as illustrated in Fig. 6A, so that the vicinity 
of the end of gate electrode 5 overlaps with addi- 
tional source region 7a and additional drain region 
8a. According to the oblique ion implantation pro- 
cess, Ion implantation is carried out with silicon 
substrate 1 rotating in a plane parallel to its surface 
at a constant speed In order to form a pair of 
additional source region 7a and additional drain 
region 8a on the left and right hands. In a case 
where the thickness of silicon layer 3 is approxi- 
mately 1000A and phosphorus ions are used as 
the impurities to be implanted, for setting the con- 
centration of additional source region 7a and addi- 
tional drain region 8a to 3x10^^ - 3x10^^/cm3, ton 
Implantation conditions are that the implantation 
energy is approximately 80KeV, the angle of in- 
clination made between the ion irradiation direction 
and the direction of the normal of silicon layer 3 is 
approximately 60 degrees, and the dosage is 
1.2x10^3 - 1.2x10^^/cm2. These Implantation con- 
ditions cause additional source region 7a and addi- 
tional drain region 8a to move from both of the left 
and right side ends of the gate electrode inward by 
approximately 1500 A. 

Next, photo resist 14 is removed, and arsenic 
ions, for example, are implanted from the direction 
perpendicular to the surface of silicon layer 3 using 



gate electrode 5 as a mask as in the case of the 
above embodiment (Fig. 5E) to form a source 
region 7b and a drain region 8b having a con- 
centration of 10'3 - 102o/cm3. 

5 While ion implantation Is carried out with silicon 

substrate 1 rotating for forming additional source 
region 7a and additional drain region 8a in this 
embodiment, it is possible to form them by carry- 
ing out Ion implantation diagonally from the upper 

10 hand of one sidewali of gate electrode 5 with a 
predetermined angle of Inclination keeping silicon 
substrate 1 still to form one of additional source 
region 7a and additional drain region 8a, and then 
rotating silicon substrate 1 by 90 degrees in a 

15 plane parallel to its surface, fixing it, and carrying 
out ion implantation to form the other one of addi- 
tional drain region 8a and additional source region 
7b. However, this method can be used only In the 
cases where a number of SOI-MOSFET elements 

20 on a silicon wafer are aligned in the same direction. 
As described above, according to the structure 
of the semiconductor device of the above embodi- 
ment, the concentration of additional source/drain 
regions 7a, 8a overlapping with gate electrode 5 is 

25 set to 3x10'^/cm3 or less in the thin film SOI- 
MOSFET, so that additional source/drain regions 
7a, 8a are depleted completely in the non-opera- 
tion state of the MOSFET, the peak of electric field 
strength is dispersed, and its value is reduced, and 

30 satisfactory source/drain withstand voltage charac- 
teristics can be obtained. In addition, since it has a 
gate overlap structure, the current driving char- 
acteristics in the operation state of the MOSFET is 
also kept satisfactory, and it is also possible to 

35 obtain fine transistor characteristics. If the con- 
centration of additional source/drain regions 7a, 8a 
Is set to less than SxlO^^/cm^, the parasitic resis- 
tance thereof is Increased so that the properties of 
the device become worse. 

40 According to an embodiment of a method of 

manufacturing a semiconductor device of the 
present invention, the additional source/drain re- 
gions and the source/drain regions are formed us- 
ing only the gate electrode as a mask, so that It is 

45 possible to form a SOI-MOSFET having a gate 
overlap-type LDD structure by a relatively simple 
process. 

Furthermore, according to another embodiment 
of a method of manufacturing a semiconductor 

50 device of the present invention, the additional 
source/drain regions are formed by using an ob- 
lique ion implantation process, so that it is possible 
to control the length of the gate overlap and the 
concentration of the additional source/drain regions 

55 with higher precision as compared to the case 
where a thermal diffusion step is included. 

Although the present invention has been de- 
scribed and illustrated In detail, it is clearly under- 



13 



EP 0 487 220 A2 



14 



stood that the same is by way of illustration and 
example only and is not to be taken by way of 
linnitation, the spirit and scope of the present inven- 
tion being limited only by the terms of the appen- 
ded claims. 

Claims 

1. A semiconductor device comprising: 

a semiconductor layer (3) formed on an 
insulator (2) and having a thickness of 300A to 
1500A; 

a gate electrode (5) formed on said semi- 
conductor layer (3) with a gate insulating film 
(4) interposed therebetween; 

a pair of additional source/drain regions 
(7a, 8a) of a first conductivity type formed from 
immediately beneath both of the left and right 
side ends of said gate elecfe'ode (5) inward in 
said semiconductor layer (3) in a region imme- 
diately beneath said gate electrode (5); 

A channel forming region (6) of a second 
conductivity type formed in said semiconduc- 
tor layer (3) in a region between said pair of 
additional source/drain regions {7a, 8a); and 

a pair of source/drain regions (7b, 8b) of 
the first conductivity type formed adjacent the 
ends opposite the sides of said additional 
source/drain regions (7a, 8a) in contact with 
said channel forming region (6) in said semi- 
conductor layer (3); 

said additional source/drain regions (7a, 
Ba) having an impurity concentration of 3x10'^ 
to 3x10'8/cm3; and 

said source/drain regions (7b, 8b) having 
an impurity concentration higher than that of 
said additional source/drain regions (7a, Ba). 

2. The semiconductor device according to claim 
1, wherein said channel forming region (6) has 
a first conductivity-type impurity concentration 
of 10^^ to lO'^/cm^, and said source/drain re- 
gions (7b, 8b) has a second conductivity-type 
impurity concentration of 10^^ to lO^o/cm^. 

3. The semiconductor device according to claim 
1 , wherein said silicon layer (3) has a thickness 
of 1000A to 1500A, and said additional 
source/drain regions (7a, 7b) has a second 
conductivity-type impurity concentration of 
3x1 0^^ to 5x10i7/cm3. 

4. The semiconductor device according to claim 
1, wherein said insulator (2) includes a silicon 
oxide film formed as buried by implanting oxy- 
gen ions, with a silicon layer (3) having a 
thickness of 300A to 1500A left from a main 
surface of silicon substrate (1), and to a pre- 



determined depth from the lower surface of 
said silicon layer (3). 

5. The semiconductor device according to claim 
5 1, wherein said semiconductor layer (3) is a 

silicon layer formed in a shape of an island on 
insulator (2). 

6. The semiconductor device according to claim 
10 5, wherein 

said channel forming region (6) is a p-type 
region including boron, 

said additional source/drain regions (7a, 
8a) are n-type regions including phosphorus, 
T5 and 

said source/drain regions (7b, 8b) are n- 
type regions including phosphorus or arsenic. 

7. The semiconductor device according to claim 
20 6, wherein 

said channel forming region (6) has an 
impurity concentration of 10^^ to lO^'/cm^, and 

said source/drain regions (7b, 8b) have an 
impurity concentration of 10'^ to lO^o/cm^. 

25 

8. A method of manufacturing a semiconductor 
device comprising the steps of: 

forming a semiconductor layer (3) on an 
insulator (2); 

30 forming a gate insulating film (4) on said 

semiconductor layer (3); 

forming a gate electrode (5) on said gate 
insulating film (4); 

introducing impurities of a conductivity 

35 type immediately beneath the vicinity of the 

ends of said gate electrode (5) in said semi- 
conductor layer (3) by implanting them from a 
predetermined direction making a predeter- 
mined angle of inclination with the surface of 

40 said semiconductor layer (3) using said gate 

electrode (5) as a mask to form additional 
source/drain regions (7a, 8a); and 

implanting impurities of the same conduc- 
tivity type as that of the impurities implanted 

45 into said additional source/drain regions {7a, 

8a) from a direction perpendicular to the sur- 
face of said semiconductor layer (3) into said 
semiconductor layer (3) using said gate elec- 
trode (5) as a mask to form source/drain re- 

60 gions (7b, 8b). 

9. The method of manufacturing a semiconductor 
device according to claim 8, wherein said step 
of fonning said additional source/drain regions 

65 (7a, 8a) includes the step of implanting impuri- 

ties of said conductivity type from a predeter- 
mined direction making a predetermined angle 
of inclination with the surface of said semicon- 
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ductor layer (3) with said semiconductor layer 
(3) rotated continuously in a plane parallel to 
its surface. 

10. The method of manufacturing a semiconductor s 
device according to claim 8, wherein 

said step of forming said additional 
source/drain regions (7a, 8a) Includes; 

a first step of Implanting impurities of said 
conductivity type from a predetermined direc- io 
tion making a predetermined angle of inclina- 
tion with the surface of said semiconductor 
layer (3) with said semiconductor layer (3) kept 
still, and 

a second step of rotating said semicon- i5 
ductor layer (3) by 180' relatively to said 
direction of Implanting impurities of said con- 
ductivity type in a plane parallel to its surface, 
and then implanting impurities of said con- 
ductivity type again from the same direction as 20 
the one in said first step with said semiconduc- 
tor layer (3) kept still. 

11. A method of manufacturing a semiconductor 
device comprising the steps of: 25 

forming a semiconductor layer (3) on an 
insulator (2); 

forming a gate insulating film (4) on said 
semiconductor layer (3); 

forming a gate electrode (5) on said gate 30 
Insulating film (4); 

Introducing Impurities of a first conductivity 
type by ion Implantation using said gate elec- 
trode (5) as a mask; 

diffusing the implanted Impurities of the 35 
first conductivity type beneath said gate elec- 
trode (5) by predetermined heat treatment to 
form additional source/drain regions {7a, 7b); 
and 

implanting impurities of said first conduc- 40 
tivity type into said semiconductor layer (3) 
using said gate electrode (5) as a mask to 
form source/drain regions (7b, 8b). 

12. The method of manufacturing a semiconductor 45 
device according to claim 11, wherein said 
predetermined heat treatment in said step of 
forming said additional source/drain regions 

(7a, 8a) is carried out in a nitrogen atmosphere 

at substantially 1000°C. for a predetermined so 

time. 

13. The method of manufacturing a semiconductor 
device according to either of claims 8 or 11, 
wherein said step of forming said semiconduc- 65 
tor layer (3) on said Insulator (2) includes the 
step of implanting oxygen ions into a main 
surface of a silicon substrate for forming a 



silicon oxide film (2) as buried to be said 
insulator (2), with a silicon layer (3) having a 
thickness of 300A to 1500A left from the main 
surface of said silicon substrate, and to a pre- 
determined depth from the lower surface of 
said silicon layer (3). 

14. The method of manufacturing a semiconductor 
device according to either of claims 8 or 11, 
wherein 

said step of forming said semiconductor 
layer (3) on said insulator (2) includes the 
steps of: 

forming a silicon layer (3) in a shape of an 
island on said insulator (2), and 

Implanting Impurities of a second conduc- 
tivity type into said silicon layer (3). 

15. The method of manufacturing a semiconductor 
device according to claim 14, wherein said 
step of implanting Impurities of the second 
conductivity type onto said silicon layer (3) 
Includes the step of Implanting boron to make 
the concentration 10^^ to lO^'/cm^. 

16. The method of manufacturing a semiconductor 
device according to either of claims 8 or 11, 
wherein phosphorus is implanted In said step 
of forming said additional source/drain regions 
(7a, 8a), and phosphorus or arsenic is * Im- 
planted to make the concentration 10^^ to 
lO^^/cm^ In said step of forming said 
source/drain regions (7b, 8b). 
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